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Summary:

This contribution describes the detail of the variable rate packet transmission taking radio channel fluctuation into account. This concept is described as “3.2.6.10.3. Access Control for Multi-rate and/or Multi-code Packet Data Transmission” in ARIB Volume 3. However, editors failed to include it in 3GPP TSG-RAN WG1 by mistake. Last WG1 meeting in March 1999, this concept was discussed  and well taken as an effective scheme for radio resource control. WG1 members concluded that this should be submitted to WG2 and may affect specification S2.01, S2.02 and S2.21.

In this contribution, the basic concept and impact on RRC/MAC are clarified. We would like this concept to be adopted to 3GPP TSG-RAN WG2.

[This contribution is the revision of TSGR2#3(99)238.]
1 Introduction
In CDMA systems, increasing the transmission power improves the transmission quality when signal-to-interference power ratio (SIR) becomes worse due to channel fluctuation. However, such transmission power control without limitation increases the interference with other mobile and base stations. If upperbound of  transmission power is limited, the link will suffer from an unallowable link quality or call drop. Such a problem appears especially when a mobile station suffers from slow fading and/or shadowing, or is located at the fringe of a cell. This contribution describes the variable rate transmission according to the channel conditions. When the transmission power becomes higher than a certain value, that is, the channel conditions are bad, transmission power and data rate are reduced in order to avoid excess interference as well as to keep transmission quality. Such variable rate transmission can be applied to packet data services because some transmission delay is allowed.

In this contribution, we clarify the basic concept and impact on RRC/MAC.
2 Variable Rate Packet Transmission

According to the channel conditions, data rate is changed in order to avoid excess interference as well as to maximize the throughput performance.

On the down-link, the data rate and total transmission power are reduced when excess transmission power of Node B is required due to bad channel conditions. This can avoid excess interference with other UEs. The number of transport blocks to be transmitted is controlled according to the selected data rate, and total transmission power is adjusted by burst transmission with variable length. The allowable transmission power should be determined by Layer-3 (RRC), taking the traffic conditions of the cell into account.

On the up-link, the data rate and total transmission power are reduced when the transmission power of UE is not enough to achieve the required quality. This can improve the throughput performance though the data rate becomes low. The number of transport blocks to be transmitted is controlled according to the selected data rate, and total transmission power is adjusted by continuous transmission with dynamic rate mathcing.

2.1  An Example of Data Rate Control

On the down-link, RRC in Node B monitors the down-link traffic conditions, and determines the initial data rate for down-link by Layer-2, 3 negotiation. During a call, the L1 in Node B estimates the channel conditions of particular UE, which is obtained by averaging the transmission power of Node B over one or several frames, and controls the data rate according to the channel conditions. Figure 1 shows an example of data rate control flow which is executed in L1. If the averaged transmission power for an UE (Pave) becomes higher than the allowable power (Pallow), that is, the channel conditions are bad, L1 in Node B indicates (to MAC) that there is necessity to recude data rate. Then MAC reduces the data rate and L1 reduces the total transmission power by Pstep in order to avoid excess interference with other UEs. On the other hand, if the averaged transmission power becomes lower than the allowable power enough to increase data rate, the L1 indicates that there is margin enough to increase data rate. Then MAC increases data rate and L1 increases total transmission power by Pstep within limited data rate in order to clean out the buffered transport blocks as soon as possible. The allowable power is determined according to the system environment such as traffic condition by RRC.

On the up-link, data rate during a call is controlled according to the same manner as the down-link.

[image: image1.wmf]P

allow 

  : allowable Tx power

P

ave     

 : averaged Tx power

P

step

    : power step between data rate options

   D  = P

allow

 - P

ave

BEGIN

D < 0

yes

  D < P

step

yes

no

MPHY-STATUS:

"There is margin to

increase data rate"

MPHY-STATUS:

"There is necessity to

reduce data rate"

END

no

END

END


Figure 1.   Data rate control flow in L1

Impact on Specifications on S2.01, S2.02 and S2.21

Figure 2 shows the interfaces between L1, MAC and RRC which are need for the proposed scheme.

[image: image2.wmf]Radio Resource

Control (RRC)

Medium Access Control

(MAC)

Physical Layer

Data rate control

allowable

transmission

power (P

allow

)

MPHY-

STATUS

L1

L2

L3


Figure 2.   Interfaces between L1, MAC and RRC

Followings are the text proposal (modification) on specifications.

5.2.2 S2.01:

· L1 Functions

· Measurements and indication to higher layers (e.g. FER, SIR, interference power, transmission power, etc.) 

· 5.3.1.2  MAC functions

· Priority handling between data flows of one UE. When selecting between the Transport Format Combinations in the given Transport Format Combination Set, priorities of the data flows to be mapped onto the corresponding Transport Channels can be taken into account. Priorities are e.g. given by the indication from L1, attributes of radio access bearer services and RLC buffer status. The priority handling is …
S2.02:

· 5.2  Overview of L1 functions

· Measurements and indication to higher layers (e.g. FER, SIR, interference power, transmission power, etc.) 

8.1.4 MPHY-STATUS

Primitives: indication

· Parameters:

· Event value

· 1. Maximum transmission power has been reached

1. Transmission power

2. There is necessity to reduce data rate  (Allowable transmission power has been exceeded)

3. There is margin to increase data rate  (Allowable transmission power has been afforded)
4.2.3 S2.21:

4.2.4 Traffic Related Architecture – UE Side

4.2.5 Traffic Related Architecture – UTRAN Side

(The functionality of MAC-d entity may be affected.)

3 Conclusion

This contribution describes the detail of the variable rate packet transmission taking radio channel fluctuation into account. Data rate and transmission power are controlled in order to avoid excess interference as well as to maximize the throughput.  Modification on specifications are also shown.










